Kitchen wastes containing high amounts of carbohydrates have potential as low-cost substrates for fermentable sugar production. In this study, enzymatic saccharification of kitchen waste was carried out. Response surface methodology (RSM) was applied to optimize the enzymatic saccharification conditions of kitchen waste. This paper presents analysis of RSM in a predictive model of the combined effects of independent variables (pH, temperature, glucoamylase activity, kitchen waste loading, and hydrolysis time) as the most significant parameters for fermentable sugar production and degree of saccharification. A 100 mL of kitchen waste was hydrolyzed in 250 mL of shake flasks. Quadratic RSM predicted maximum fermentable sugar production of 62.79 g/L and degree of saccharification (59.90%) at the following optimal conditions: pH 5, temperature 60°C, glucoamylase activity of 85 U/mL, and utilized 60 g/L of kitchen waste as a substrate at 10 h hydrolysis time. The verification experiments successfully produced 62.71 ± 0.7 g/L of fermentable sugar with 54.93 ± 0.4% degree of saccharification within 10 h of incubation, indicating that the developed model was successfully used to predict fermentable sugar production at more than 90% accuracy. The sugars produced after hydrolysis of kitchen waste were mainly attributed to monosaccharide: glucose (80%) and fructose (20%). The fermentable sugars obtained were subsequently used as carbon source for bioethanol production by locally isolated yeasts: Saccharomyces cerevisiae, Candida parasilosis, and Lanchancea fermentati. The yeasts were successfully consumed as sugars hydrolysate, and produced the highest ethanol yield ranging from 0.45 to 0.5 g/g and productivity between 0.44 g L -1 h -1 and 0.47 g L -1 h -1 after 24-h incubation, which was equivalent to 82.06-98.19% of conversion based on theoretical yield. KEYWORDS Bioethanol; enzymatic hydrolysis; fermentable sugars; kitchen waste; response surface methodology (RSM)
Introduction
In recent years, great attention has been given to the continuous increase in the price of fossil fuel and natural gas. As demand of oil increases, crude oil resources are diminishing, thereby making more efforts to find replacement of petroleum sources and research on renewable fuels (Alvira et al. 2010) . The utilization of bioethanol as an alternative fossil fuel has been considered as one of the most promising renewable energy resources of future (Lee et al. 2012 ). However, the main disadvantages for its application are the cost of substrates and the ethanol separation process .
It has been reported that about 70% of the total expenses incurred for bioethanol production were due to the cost of raw material (Lee et al. 2012) . Many studies have been conducted to find low-cost substrates such as sugars (sugarcane and molasses), starch (sago and corn), and cellulosic materials (baggase and wood) (Wang et al. 2008a ). However, since corn, sugarcane, wheat, and sugar beet are food sources, their use as raw material has been continuously debated. The use of other low-cost and abundant raw materials, such as rice and wheat straw, sugarcane baggase, agricultural residues, and kitchen wastes as alternative substrates, has been investigated extensively (Ma et al. 2008; Uncu and Cekmecelioglu 2011) .
In Malaysia, about 70% of the collected municipal solid wastes (MSW) are kitchen and organic solid wastes, which are mainly discharged from households, restaurants, and leftovers from the food industry (Hafid et al. 2011 ). Due to its huge volume, kitchen waste, which is high in moisture and organic content, is hard to handle. However, the high nutritional value of the waste makes it an ideal lowcost raw material ). Kitchen waste which contains high organic matters such as starch (more than 40%), protein (4-5%), cellulose (2-3%), and total sugars (more than 50%) can be converted into fermentable sugars (Uncu and Cekmecelioglu 2011) . Hence, a lot of studies have been directed toward converting kitchen waste into valuable products such as organic acids (Bo et al. 2007; Omar et al. 2009 ), biogas Munda et al. 2012) , and bioethanol (Tang et al. 2008; Uncu and Cekmecelioglu 2011) . The carbohydrate composition of kitchen waste is mainly polysaccharides. The monosacharide component includes various sugars such as glucose, mannose, sucrose, and fructose (Harun and Danquah 2011) .
The current literature focuses on enzymatic saccharification of carbohydrate in kitchen waste using amylase enzyme comprising two major classes: α-amylase (EC 3.2.2.1) and glucoamylase (EC 3.2.1.3). Both classes are involved directly in the hydrolysis of starch contained in the kitchen waste, whereby α-amylase hydrolyzes starch into maltose, glucose, and maltotriose by cleaving 1,4-αglucosidic linkages, which are the linear molecule of starch, while glucoamylase cleaved 1,6-α-glucosidic linkages at the branching point of amylopectin as well as 1,4-α-glucosidic linkages, yielding glucose as the only end product (Wang et al. 2008) . In this study, fermentable sugar production was conducted by utilizing glucoamylase alone. Since the efficiency of enzymatic hydrolysis of the wastes depends on several factors such as enzyme loading, pH, temperature, incubation time, etc. (Sindhu et al. 2011 ), a central composite design (CCD) of response surface methodology (RSM) was adopted to optimize the enzymatic saccharification process of kitchen waste by commercially available glucoamylase. This work also highlights interaction between these factors that will maximize the degree of saccharification of kitchen waste into fermentable sugars. The statistical analysis can provide in-depth information underlying complex processes, thus providing better control and understanding the enzymatic hydrolysis process. The sugar hydrolysate produced was then tested as carbon substrate by local isolate yeast for bioethanol production using the separate hydrolysis and fermentation (SHF) process in shake flask fermentation.
Materials and methods

Raw material
The kitchen waste used in this study was collected from several restaurants in Seri Serdang, Selangor, Malaysia. The inorganic matters were separated out from the remaining organic waste. It was important to standardize the composition of kitchen waste throughout the study, therefore the ratio of rice, meat, and vegetables was determined as 3:1:1 (Hafid et al. 2011) . The diluted kitchen waste at 1:1 ratio was ground using Waring blender and stored in a freezer (-20°C) .
Characterization of kitchen waste
The collected kitchen waste was analyzed for carbohydrate, crude protein, fat, fiber, moisture content, ash, pH, total solid (TS), total suspended solid (TSS), biological oxygen demand (BOD), and chemical oxygen demand (COD). The nitrogen content in the sample was determined by the Kjeldahl method and the crude fiber was determined after acid-base digestion and solubilization (American Public Health Association (APHA) 1985). Fat content was measured by extracting the dried kitchen waste with petroleum ether in a Soxhlet extraction apparatus. Moisture and ash were determined based on the Standard Method (APHA 1985) . The remaining percentage was assumed that of total carbohydrate content. TS, TSS, BOD, and COD were determined based on the Standard Method (APHA 1985) . The results of characterization of kitchen waste are shown in Table 1 .
Enzyme
The enzyme used in the saccharification process was a crude commercial Aspergillusniger glucoamylase, which was purchased from SIGMA-Aldrich. The initial enzymatic activity was determined as 1200 U/mL. Soluble starch, 1% (w/v), and 0.5 mL of enzyme were incubated with phosphate buffer (20 mM, pH 5) at 55°C for 10 min. The reducing sugar produced was calculated for glucoamylase activity. One unit (U) of glucoamylase activity is calculated as micromoles of fermentable sugars released per minute by the total amount of enzyme in 1-mL sample under assay conditions (Wang et al. 2008) .
Enzymatic hydrolysis
A total of 100 mL of blended kitchen waste was poured into 250-mL conical flasks. The enzymatic saccharification was conducted at different initial pH values, temperatures, and glucoamylase activities as shown in Table 2 . Agitation was applied at 100 rpm during enzymatic hydrolysis. Fermentation time was maintained for 24 h. Fermentation broth was taken at certain time intervals for sugar analysis. Sugar production was monitored until the sugar concentration reached a constant level. The samples were put on ice for 15 min after each sampling to stop the enzymatic activity.
Experimental design and optimization
Response surface methodology ACCD was used in the optimization of saccharification process by glucoamylase. The pH (A), temperature (B), and glucoamylase activity as U/mL (C) were chosen as independent variables as shown in Table 2 . Each variable in the CCD was studied at five different levels assigned as -2, -1, 0, +1, and +2 respectively. Reducing sugar (g/L) and degree of saccharification (%) were used as output variables. The degree of saccharification was calculated as follows: 
where the reducing sugar obtained is the change in glucose concentration (g/L) with respect to initial glucose concentration. According to the design, 32 runs of experiments were performed with six replications of center points (Table 3) , where the axial points were determined to be 2.0. For optimal point prediction, a second-order polynomial model function was fitted to experimental results. The regression model was calculated by analyzing the analysis of variance (ANOVA), ρ-, and F-value. The adequacy of the model was expressed by the coefficient of determination R 2 . The model describes interactions between the parameters influencing the response by varying them concurrently. The statistical software package Design-Expert 6.0 (Stat Ease Inc. Minneapolis, USA) was used to determine the optimal combination of parameters equivalent to the highest fermentable sugars produced. The experiments were conducted in duplicate and the results were averaged.
Sugar analysis
The total concentrations of fermentable sugars for initial and fermented samples were analyzed using the 3,5-dinitrosalicylic acid (DNS) method, and glucose was used as the standard (Miller 1959) . The individual sugar of kitchen waste hydrolysate was analyzed by high-performance liquid chromatography (HPLC) with LiChroCart @ 250-4,6 Purospher @ STAR NH2 (5 µm) column equipped with Jasco RI-1530 Intelligence RI detector. Standards for individual sugars, such as glucose, maltose, and fructose, were prepared at 10 g/L. The mobile phase used was acetonitrile (80%) at a flow rate of 2 mL/min. Bioethanol production from kitchen waste hydrolysate
Microorganisms and inoculums preparation
The locally isolated Saccharomyces cerevisiae, Candida parasilopsis, and Lachancea fermentati used in this study were isolated from naturally fermented nypa sap (Natarajan et al. 2012) . The isolated yeast strains were grown on yeast peptone dextrose (YPD) agar plates containing yeast extract 10 g/L; peptone 20 g/L; D-glucose 20 g/L; and bacto agar 20 g/L, and was sterilized by autoclaving at 121°C for 15 min. The yeasts were incubated at 30°C for 48 h. Then a loopful of yeasts were transferred to 100-mL growth media containing 10 g/L of yeast extract, 20 g/L of peptone, and 20 g/L of glucose, and incubated at 30°C for 12-20 h for pre-culture.
Batch ethanol fermentation
Ethanol fermentation was carried out in 250-mL shake flasks containing 100 mL of fermentation mixture. The fermentation media comprises the following substances per liter distilled water: 5-g yeast extract; 5 g/L of peptone; 20-g glucose; 1-g KH 2 PO 4 ; and 1-g MgSO 4 .7H 2 O. The fermentable sugars in kitchen waste hydrolysate were set at 20 g/L, and commercial glucose was used as control. Sulfuric acid (5 M) and sodium hydroxide (5 M) were used to adjust initial pH at 6.5-7.0. The medium and shake flasks were autoclaved at 115°C for 15 min before inoculation. The yeasts inoculums were added at a ratio of 10% (v/v) to the fermentation media under aseptic conditions. The flasks were incubated at 30°C of temperature and an agitation speed of 120 rpm. Samples were taken every 6-h intervals prior to analysis of dry cell weight, ethanol, and reducing sugars. The fermentation period was kept as 120 h.
Analysis
For the estimation of dry cell weight of yeast, ethanol, and sugar concentration, fermentation broth was centrifuged at 10,000 rpm for 10 min to separate cell and supernatant. The dry cell weight of yeasts was quantified based on different grams of cell before and after drying the cells. The supernatant was filtered using cellulose nylon filter paper (0.45 µm) for analysis. The ethanol was detected using a gas chromatograph (Model GC-17A, Shimadzu, Japan) equipped with a flame ionization detector (FID) and capillary column packed with polar BP 20. The ethanol concentration was quantified based on the peak areas of samples over the peak area of standard solution. The ethanol yield (Y p/s ) was calculated as the actual ethanol produced per gram sugar utilized and expressed as (g/g). The conversion efficiency was obtained based on the theoretical yield of ethanol calculated by Y p/s /0.51 × 100.
Results and discussion
Composition of kitchen waste
The composition of kitchen waste used in this study is shown in Table 1 . The most remarkable characteristic of this kitchen waste was its high moisture content (70.06%). From the analysis, approximately 60.78% of the organic content was carbohydrate fraction, 20.53% was protein, 13.65% was fat, and the remaining was cellulose. The kitchen waste used in this study was obtained in different batches collected at different periods. The low value of standard deviation presented in Table 1 shows that the compositions of different batches were comparable. Total dry matter analysis indicated that carbohydrate was the valuable raw material for the production of fermentable sugars (Uncu and Cekmecelioglu 2011) . TS and TSS represented the solid content of kitchen waste. Torres and Llorens (2008) reported that TS and TSS of kitchen waste were 81 g/L and 68 g/L, respectively. However, based on proximate analysis, the values of TS and TSS in this study were relatively high at 117.47 g/L and 82.5 g/L, respectively. The large amounts of TS and TSS might be due to the varieties of leftover raw and cooked food as well as peels of fruits and vegetables. The nutrient contents of kitchen waste, such as protein and fatty acids, are suitable for the growth of lactic acid bacteria (LAB) for lactic acid production (Wang et al. 2008) . Ma et al. (2009) utilized kitchen waste and other organic solids as carbon substrate to produce 50 g/L of ethanol. On account of its high nutritional value, kitchen waste can be a proper feedstock for production of ethanol.
Optimization of three factors by central composite design
Response surface analysis regression and model analytics In order to develop an efficient process to hydrolyze kitchen waste to fermentable sugars, a single-step hydrolysis using commercial glucoamylase was adopted. Preliminary experiments on production of fermentable sugars indicated that the key physical factors affecting the hydrolysis process as well as enhancing the productivity of fermentable sugar were pH, temperature (°C), glucoamylase activity (U/mL), kitchen waste loading (g/L), and hydrolysis time (hours). The CCD was applied in this experiment to identify the effects of individual factors and the interactions between factors, as well as to determine the optimal conditions for a multivariable system. The upper and lower levels of each variable were chosen based on preliminary experiments. The experimental data analysis, along with the predicted data obtained from the regression equation by CCD, is shown in Table 3 . There was wide variation in the concentrations of fermentable sugars (28.83-62.73 g/L) and the degree of saccharification (4.58-59.37%) in the 32-run experimental combinations elucidating the importance of enzymatic hydrolysis optimization to increase fermentable sugar production. The experimental response and predicted response were obtained from the regression equation given below:
where Y (g/L) represents the fermentable sugar concentration, and A, B, C, D and E are the coded value for pH, temperature (°C), glucoamylase activity (U/mL), kitchen waste loading (g/ L) and hydrolysis time, respectively. The analysis of variance (ANOVA) of RSM is important to test the significance of quadratic model. The ANOVA of RSM model is given in Table 4 for the predictive model of fermentable sugar production (g/L) and degree of saccharification (%). The statistically significant effects were identified by the probability test and variables with a confidence interval greater that 95% (p < 0.05). The regression model showed that the model is highly significant based on F-test with a low probability (p model < 0.001). The p-value represents the significance of variables, in which the smaller the p-value, the higher the significance of each variable (Hafid et al. 2011 ). Among the various parameters studied, the corresponding p-values suggest that the lowest probability (p < 0.001) values were obtained for pH, glucoamylase activity, kitchen waste concentration, and hydrolysis time for both responses: fermentable sugar production and degree of saccharification. The coefficients of equations shown in Table 4 indicated the contribution of individual and combination of components in the hydrolytic system. The most important factors determining the fermentable sugar production (g/L) were kitchen waste concentration with the highest coefficient (7.30), which indicates that it is the most dominant factor influencing the overall hydrolysis reaction of kitchen waste followed by glucoamylase activity (4.64), hydrolysis time (2.28), pH (2.07), and temperature (0.42).
For production of fermentable sugar, the actual values from the experiment showed a good correlation with the predicted values based on the coefficient of determination (R 2 ) and the adjusted R 2 of 0.98 and 0.96, respectively, indicating that at least 96% of the total variation could be explained by the model (Grahovac et al. 2012 ). These ensure the acceptable adjustment of quadratic model to the experimental data. The model F-value of 41.10 indicated that the model was significant. According to Mokhtari-Hosseini et al. (2009) , a higher F-value suggests that the variation of data is adequately around its mean. The coefficient of variation (CV) indicates the accuracy of experimental value. A lower CV (4.85) means a higher reliability of performed experiments.
The corresponding second-order response for degree of saccharification is as follows:
þ 4:16E À 5:24AA À 10:57BB À 5:45CC À 7:47DD À 5:05EE þ 0:76AB À 1:44AC À 1:11AD À 2:61AE À 0:31BC À 2:36BD À 0:13BE þ 2:99CD À 0:99CE À 1:64DE;
where Y (%) is the predicted degree of saccharification, and A, B, C, D, and E are the coded values for pH, temperature (°C), glucoamylase activity (U/mL), kitchen waste concentration (g/L), and hydrolysis time, respectively. For the degree of saccharification (%), the value with the highest coefficient was in the order of: glucoamylase activity (7.21), hydrolysis time (4.16), kitchen waste concentration (4.11), pH (3.69), and temperature (1.23). Analysis of both responses suggests that the kitchen waste concentration, glucoamylase activity, and hydrolysis time have a direct relationship with the conversion efficiency of kitchen waste to fermentable sugar. The regression model for the degree of saccharification was highly significant with satisfactory coefficient (R 2 ) and adjusted R 2 that were found to be 0.98 and 0.94, respectively, and indicates a good agreement between experimental and predicted values. No abnormalities were observed from the diagnosis of the residuals. Thus, it can be concluded that the model could be statistically and adequately used for prediction within the range of variables employed.
Response surface analysis and interactions between factors
The response surface curves were plotted to determine interactions between variables and identify the optimum level of each variable at maximum fermentable sugar production and degree of saccharification. The graphic representations of regression (Equations 2 and 3) are shown in Figure 1(a-d) . The three-dimensional (3D) surface model directly shows the interactions between variables. The response surface showed a concave shape, suggesting that there is a well-defined range of parameters and optimum operating condition (Dutta, Dutta, and Banerjee 2004) . The peak of the response surface plot of both fermentable sugar concentrations (g/L) and the degree of saccharification (%) suggested that the highest concentration and the optimal condition lie inside the studied range of variables (Figure 1 ). Figure 1(a) shows the plot of temperature and pH level against the fermentable sugar concentration and the degree of saccharification. Variation in pH in the range of 4-6 was investigated during enzymatic hydrolysis of kitchen waste. The optimal measure of pH was found to be 5, representing the optimal conversion of fermentable sugar with the highest concentration of 62.62 g/L with 59.37% degree of saccharification obtained at pH 5. It can be seen clearly that the fermentable sugar concentration and the saccharification efficiency were low (45.50 g/L and 30.83%, respectively) when the pH value was adjusted to 4. Meanwhile, further increase in pH value up to 6 decreased saccharification efficiency by 32%, yielding lower fermentable sugar production at about 51.13 g/L. Kunamneni and Singh (2005) reported that a pH of 5 was found to be optimum for the saccharification of kitchen waste by glucoamylase. This finding is consistent with the findings of Singh and Bishnoi (2012) , who reported that kitchen waste hydrolysis occurs at a pH range of 4.8-5.5. The enzymatic activity is inactive in too acidic or alkaline conditions, thus at extreme condition, it could denature the structure of enzyme that affects the electrostatic bond between enzyme and substrate during the hydrolysis process. pH value can change the ionic character of amino and carboxylic acid groups of enzyme, and thus affects the catalytic and conformational status of enzyme (Ayansina and Owoseni 2010) .
Effect of ph and temperature on enzymatic hydrolysis
The effect of temperature on glucoamylase activities was also investigated in this study. The hydrolysis of kitchen waste to fermentable sugars by glucoamylase was carried out at a temperature ranging from 40-80°C. The degree of saccharification increased with enhancing temperature, and the maximum hydrolysis was observed at 60°C with 70 U/mL of glucoamylase activity. According to Anto, Trivedi, and Patel (2006) , the enzymatic hydrolysis system meets its activation energy more easily at 60°C and thus speeds up the hydrolysis. At elevated temperatures (more than 60°C), production of fermentable sugars decreased by almost 43% from 62.62 to 35.69 g/L. This result could be attributed to the thermal inactivation of glucoamylase, which leads to disruption and denaturation of enzymes (Wang et al. 2008b ). The degree of saccharification increased rapidly Figure 1(a) . The response surface plot of the effects of pH and temperature on (i) fermentable sugar production and (ii) degree of saccharification. Figure 1(b) . The response surface plot of the effects of glucoamylase activity and kitchen waste loading on (i) fermentable sugar production and (ii) degree of saccharification.
with the increasing of glucoamylase activity and temperature to optimum conditions, and then did not produce extensive increase with further increase in enzymatic activity. The maximum conversion of kitchen waste to fermentable sugar was obtained using an enzyme loading of 70 U/mL at a pH of 5 and a temperature of 60°C.
Effect of kitchen waste loading and glucoamylase activity
Different loadings of kitchen waste to glucoamylase activity were tested in this study. Figure 1(b) shows the fermentable sugar concentration and degree of saccharification as a function of enzyme loading (U/mL) and kitchen waste loading (g/L). Generally, glucoamylase was used to hydrolyse carbohydrate contained in kitchen waste into simple sugars such as glucose. As reported by Melikoglu (2012) , hydrolytic enzyme plays a crucial role for breaking down the high molecular weight of starch, protein, and fats into glucose, amino acids and fatty acid, respectively. Hence, the degree of saccharification results from the combination of existing and enzyme-released simple sugar to carbohydrate content of kitchen waste. It was observed that with an invariable glucoamylase activity, at higher kitchen waste loading, the fermentable sugar concentration increased, as shown in Figure 1(b) . Low fermentable sugar concentration and degree of saccharification (32.59 g/L and 13.98%, respectively) were obtained at 40 U/mL of glucoamylase activity using 40 g/L of kitchen waste. At the same enzymatic activity, utilizing 80 g/L of kitchen waste loading gave 44.66 g/L of fermentable sugar with 22.08% degree of saccharification. This result could be explained by the total amount of carbohydrate present in substrates in which higher concentrations of substrates constitute higher carbohydrate content with more fermentable sugar degraded by enzyme (Harun and Danquah 2011) . Irreversibly, different enzyme activities considerably affect the overall hydrolysis process. The fermentable sugar concentration and degree of saccharification were proportionally increased with enzymatic activity and kitchen waste loading. This can be seen from a total of 36.12 g/L of sugar produced at 100 U/mL of glucoamylase activity with 22.80% degree of saccharification using 40 g/L of kitchen waste. Meanwhile, with the same enzymatic activity, the fermentable sugar concentration was 58.75 g/L with 39.69% degree of saccharification utilizing 80 g/L of kitchen waste, suggesting that the efficiency of enzyme to hydrolyse more substrates was increased at higher enzyme Figure 1(c) . The response surface plot of the effects of glucoamylase activity and hydrolysis time on (i) fermentable sugar production and (ii) degree of saccharification. Figure 1 (d) . The response surface plot of the effects of kitchen waste loading and hydrolysis time on (i) fermentable sugar production and (ii) degree of saccharification. loading activity. However, although the concentration of fermentable sugar and degree of saccharification increased marginally with increase in kitchen waste concentration and enzymatic activity loading, 70 U/mL of enzymatic activity and 60 g/L of kitchen waste concentration yielded the maximum 62.62 g/L of sugar and 59.37% degree of saccharification; beyond this loading, the fermentable sugar concentration reached a plateau. Decrease in fermentable sugar afterwards might be due to the less adsorption efficiency of higher enzyme loading than for dilute or saturation of carbohydrate and starch surface with enzyme (Xu et al. 2007 ). Harun and Danquah (2011) reported that high substrate loading would increase substrate viscosity, reduce the aqueous movable phase, and stir difficulties, thus hindering the efficiency of enzymes to hydrolyse substrates.
Effect of glucoamylase activity and hydrolysis time
The enzymatic saccharification of kitchen waste was carried out from 3-15 h. The predicted response surface for sugar concentration and degree of saccharification as a function of glucoamylase activity and hydrolysis time is presented in Figure 1 (c). As expected, both fermentable sugar concentration and degree of saccharification increased with increase in hydrolysis time for a given enzyme loading up to optimum conditions, and then did not produce a corresponding increase with further increase of time. It was observed that at middle level of incubation time (9 h) and middle level of enzymatic activity (70 U/mL), the fermentable sugar was high (62.62 g/L). Beyond 9-h incubation time, there was reduction in fermentable sugar concentration (55.19 g/L). When the hydrolysis time and glucoamylase loading activity were held at an optimum level, increasing substrate concentration resulted in more substrate available for hydrolysis, thus a higher fermentable sugar concentration in hydrolysate could be obtained. However, the degree of saccharification was not increased proportionally. This could be seen in the experiment in which at an optimum level of enzymatic activity and hydrolysis time, degree of saccharification was 35.73%, utilizing 100 g/L of kitchen waste, whereas by using 60 g/L of kitchen waste yielded 59.37% of saccharification. This might be due to product inhibition, enzyme activation, and decrease in reactivity for additional glucoamylase loading (Peng and Chen 2011) .
Effect of kitchen waste concentration and hydrolysis time
Effects of kitchen waste concentration and hydrolysis time on enzymatic saccharification are shown in Figure 1(d) . At low level of kitchen waste concentration (20 g/L) and optimum hydrolysis time (9 h), the fermentable sugar was low (30.49 g/L). When the kitchen waste was set at 60 g/L with the same hydrolysis time, the fermentable sugar reached the maximum value of 62.62 g/L, and further increase in kitchen waste concentration did not increase the sugar level. Several studies have been conducted on fermentable sugar production using kitchen waste as a substrate. Table 5 shows a comparison of fermentable sugar production by different starch hydrolytic enzymes (amylase and glucoamylase) using kitchen waste based on various previous studies. Uncu and Cekmecelioglu (2011) and Koike et al. (2009) reported on the hydrolysis of kitchen waste to fermentable sugar using both amylase and glucoamylase. Both studies stated the enzymatic saccharification of kitchen waste with liquefaction by α-amylase. By using heat-stable α-amylase, which works best at high temperature (85-95°C), carbohydrate composition in the kitchen waste was liquefied to give a considerable amount of maltodextrin before being further saccharified at 60°C by glucoamylase and produced 64.7 g/L and 51.5 g/L of glucose. Tang et al. (2008) reported that the enzymatic hydrolysis carried out by glucoamylase at 60°C after pretreated with lactic acid bacteria produced 67.2 g/L of fermentable sugar. It was suspected that the LAB spray treatment could help in the preservation and deodorization of kitchen waste after a few days by inhibiting the growth of putrefactive bacteria and fungi. Different fermentable sugar concentrations might be due to the solid content present in kitchen waste. The solid content present during enzymatic hydrolysis in the studies of Uncu and Cekmecelioglu (2011) , Koike et al. (2009), and Tang et al. (2008) was reported as being between 30% and 40%, which was lower than that in our studies. Furthermore, the varying hydrolysis time for enzymatic saccharification of kitchen waste reported in the literature might be due to the pretreatment methods applied before saccharification that help in the release of fermentable sugar from substrate. In this study, the hydrolysis of kitchen waste with no pretreatment method of substrates took 10 h, which could be speculated that the difference in hydrolysis time was due to difference in raw materials, solid content, enzyme loadings, and other hydrolysis conditions (Uncu and Cekmecelioglu 2011) .
Model verification results
In order to validate the predicted optimal condition, the enzymatic saccharification experiment was conducted in triplicate. The maximum fermentable sugar production and the degree of saccharification under optimized conditions were 62.71 ± 0.7 g/L and 54.93 ± 0.4%, respectively Figure 3 ). This was clearly in close agreement with the model prediction, indicating that the model was useful for predicting the fermentable sugar concentration and degree of saccharification, as well as the optimization of saccharification conditions.
Fermentable sugar production at optimized conditions, pH 5, temperature 60°C, and glucoamylase activity of 85 U/mL utilizing 60 g/L of kitchen waste at 10 h of hydrolysis time, obviously increased by 35% compared with non-optimized condition. In contrast, the non-optimized conditions at pH 5, temperature of 50°C, kitchen waste concentration of 100 g/L with glucoamylase activity of 100 U/mL produced only 50 g/L of total fermentable sugars after 24-h fermentation (data not shown). Thus, optimization of enzymatic hydrolysis condition by RSM is necessary for enhancing fermentable sugar production.
The type of fermentable sugar contained in the kitchen waste broth was further determined by HPLC. Figure 2(a, b) show the results of HPLC spectra of fermentable sugars before and after enzymatic hydrolysis. Each component produced a specific spectral peak. By comparing the retention time of each peak, four sugar peaks were determined in kitchen waste before hydrolysis: fructose (5.34 min), glucose (6.45 min), sucrose (10.15 min), and maltose (12.99 min). Initially, the fresh kitchen waste comprised a high amount of maltose and glucose (50% and 30%, respectively), while the remaining was a mixture of fructose and sucrose (20%). After the enzymatic saccharification by glucoamylase, the glucose concentration increased to 80%, whereas fructose was only 20% of the final product (Figure 2b) . The high amount of maltose in kitchen waste made it easier to be hydrolyzed by glucoamylase yielding glucose. This finding is in agreement with Anto, Trivedi, and Patel (2006) .
Comparison of bioethanol production between kitchen waste hydrolysate and commercial glucose as carbon source by locally isolated yeasts Ethanol production, cell growth, and utilization of glucose contained in kitchen waste hydrolysate as a function of time for Saccharomyces cerevisiae, Candida parasilosis, and Lachancea fermentati are shown in Figure 4(a-c) , respectively. Batch experiments in shake flasks for ethanol production were carried out in duplicate for 120 h with an initial glucose concentration of approximately 20-25 g/L. The total sugar concentration decreased gradually with incubation time and stabilized at approximately 1 g/L after 24 h. Experimental results show that growth of all three yeast cells increased exponentially at the beginning of incubation time, then rose steadily after 24 h until 120 hr. The ethanol production, however, was found to peak at 24 h, and decreased slowly afterwards. This possibly was due to the biochemical changes that occurred in yeast cells, in which the ethanol formed in the earlier stages of growth was consumed back using tricarboxylic acid, glyoxylate cycles, and mitochondrial electron transport chain (Lin et al. 2012 ). This explains the phenomenon of progressive growth of cells after 24 h during batch fermentation. The results proved that the kitchen waste hydrolysate, mainly containing glucose, could be efficiently converted into ethanol by isolated yeasts. Kinetics parameters for S. cerevisiae, C. parasilosis and L. fementati grown on commercial glucose and kitchen waste hydrolysate for ethanol production are shown in Table 6 . These isolated yeasts produced an ethanol yield of about 0.37 to 0.47 g/g. This is equivalent to 0.44 to 0.47 g L -1 h -1 of ethanol productivity and a conversion efficiency of 72.62 to 91.32% based on theoretical yield. For comparison, the ethanol yield of all isolates was between 0.45 g/g and 0.5 g/g, and productivity ranging from 0.44 to 0.47 g L -1 h -1 using kitchen waste hydrolysate as a carbon source. The ethanol conversion efficiency by using kitchen waste hydrolysate was relatively higher compared with commercial glucose based on theoretical yield Figure 4 . Profile of growth, substrate consumption and ethanol production by isolated yeasts: a) S.cerevisiea; b) C.parasilosis; c) L.fermentati. Commercial glucose (-); kitchen waste hydrolysate (. . .); Substrate consumption using commercial glucose (▲); dry cell weight using commercial glucose (•); ethanol production using commercial glucose (■); substrate consumption using kitchen waste hydrolysate (Δ); dry cell weight using kitchen waste hydrolysate (○); ethanol production usingkitchen waste hydrolysate (□). (82.06 to 98.19%). The results showed that all of the isolates utilized efficiently the glucose present in kitchen waste hydrolysate for ethanol production. These results are in agreement with the study conducted by Koike et al. (2009) , who reported that 22 g/L of ethanol was produced from 52 g/L of total sugar in kitchen waste (82.73% conversion efficiency) by Saccharomyces cerevisiae KF-7. Tang et al. (2008) reported that the conversion of sugar in kitchen waste hydrolysate to ethanol was 51.28% based on theoretical yield. Thus, the sugars obtained from enzymatic hydrolysis of kitchen waste has shown capability as a carbon source for the production of ethanol, and this strategy would be a manageable option for treating kitchen waste.
Conclusions
The CCD has proved to be effective for optimizing the hydrolysis process of kitchen waste into fermentable sugar. Experimental results showed that pH, temperature, glucoamylase activity, kitchen waste concentration, and hydrolysis time had significant effects on fermentable sugar production as well as degree of saccharification during the hydrolysis of kitchen waste. The maximum fermentable sugar produced and the degree of saccharification predicted by CCD was 62.79 g/L and 59.90%, respectively, at pH 5, temperature of 60°C, glucoamylase activity of 85 U/mL utilizing 60 g/L of kitchen waste as a substrate with hydrolysis time of 10 h. The HPLC spectral results illustrated that the saccharified kitchen waste obtained comprised monosaccharides: glucose (80%) and fructose (20%). The strategy of converting kitchen waste hydrolysate for ethanol production in SHF using locally isolate yeasts gave the ethanol yield of 0.45 to 0.5 g/g and productivity ranging from 0.44 to 0.47 g L -1 h -1 corresponding to an overall conversion efficiency of 82.06-98.19% based on theoretical yield. It was demonstrated that high proportion of glucose constituents in kitchen waste hydrolysate can serves as a substrate to produce ethanol.
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